The CNS of Lymnaea stagnalis contains two populations of egg-laying hormone (ELH)-producing neurons that differ in size and topology. In type I neurons, all peptides located C-terminally from the cleavage site Arg-Ser-Arg-Arg 180 -183 are sorted into secretory large dense-core vesicles (LDCV), whereas N-terminal-located peptides accumulate in a distinct type of vesicle, the large electrondense granule (LEG). Via immunoelectron microscopy, we now show that the second population of ELH-producing neurons, type II neurons, lack LEG and incorporate all proELH-derived peptides into LDCV. This finding provides the first example of a cell type-specific sorting of neuropeptides into LDCV. Furthermore, we provide evidence that LEG are formed through a differential condensation process in the trans-Golgi network and that these bodies are ultimately degraded. Analysis of the endoprotease composition of the two types of proELH-producing neurons suggests that the formation of LEG, and consequently the retention of N-terminal peptides from the secretory pathway, requires the action of a furin-like protein.
Neuropeptides are synthesized at the rough endoplasmic reticulum, traverse the Golgi complex, and are incorporated into large dense-core vesicles (LDCV). The subsequent targeting of LDCV to distant release sites and their exocytosis in response to specific stimuli define the pathway of regulated secretion (for review, see Kelly, 1993) . Many neuropeptides are synthesized as larger precursor proteins (prohormones) that must be post-translationally cleaved and modified to generate bioactive peptides. Endoproteolytic processing occurs by a group of highly conserved kexin/ subtilisin-like endoproteases, which are either membrane-bound or soluble proteins (Steiner, 1991) .
The distinct processing steps during the biosynthesis of neuropeptides as well as the sorting of defined sets of neuropeptides into LDCV offers peptidergic neurons the unique opportunity to regulate the composition of peptides that they release. A well studied example in this respect is the egg laying hormone (ELH) of Aplysia californica and Lymnaea stagnalis. Scheller and colleagues recognized that proELH in Aplysia in the Golgi complex is cleaved into two processing intermediates, after which these intermediates are differentially distributed over two classes of LDCV (Kreiner et al., 1986; Fisher et al., 1988) , which are targeted to distinct release sites (Sossin et al., 1990a) . Notably, a majority of N-terminal-derived peptides were found to be packaged into a third population of vesicles (Fischer et al., 1988; Sossin et al., 1990b ) that differed from LDCV and will be further indicated as large electron-dense granule (LEG). Analogous to Aplysia, immunoelectron microscopy and mass spectrometry have shown that also in the so-called type I neurons of Lymnaea (the main site of proELH synthesis) the peptides derived from the C-terminal part of proELH are efficiently sorted into LDCV (van Heumen and Roubos, 1991; Li et al., 1994) , whereas the N-terminal peptides are incorporated into LEG.
LEG reside in the cell body and have never been found to fuse with the plasma membrane (Kreiner et al., 1984; Fischer et al., 1988; Sossin et al., 1990b; van Heumen and Roubos, 1991) . The concentration of peptides derived from the C-terminal part of proELH is severalfold higher than the concentration of N-terminal peptides (Fischer et al., 1988; Li et al., 1994) , and in Lymnaea the number of LEG does not increase in old animals (J. Klumperman, unpublished data). Together, the data suggest that LEG are destined to be degraded, which implies a systematic removal of a specific subset of proELH-derived products.
In the present study, we have investigated the distribution of Nand C-terminal peptides in the two populations, type I and type II , of proELH-producing neurons in the CNS of Lymnaea. We have found that type II neurons lack LEG and sort both N-and C-terminal peptides into LDCV. This observation provides the first example of cell type-specific sorting of neuropeptides into the secretory pathway and suggests a role of LEG in tuning the composition of secretory neuropeptides.
MATERIALS AND METHODS
Ultrathin cryosectioning. All studies were performed on adult specimens of Lymnaea, shell-height 25-30 mm, which were raised under standard conditions. The two cerebral ganglia and their connecting commissure were removed from the CNS as a whole and fixed for 2 hr in 2% formaldehyde and 0.2% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4, at room temperature. Then the two ganglia and the commissure were cut into three separate pieces, which were embedded in 10% gelatin in PBS. The gelatin blocks were impregnated with 2.3 M sucrose and further prepared for cryosectioning as described previously (Slot et al., 1988) . Isolated cerebral ganglia were mounted to a specimen holder in such a way that both groups of neurons were in the plane perpendicular to the section edge. Then 1 m sections were prepared and labeled with anti-ELH and a FITC-conjugated secondary antibody (data not shown). If in these semithick sections both type I and type II neurons were detected, thin sections were prepared and immunogold-labeled. Multiple immunogold labeling was performed as described previously (Slot et al., 1991) , after which the grids were analyzed in a Philips EM300 electron microscope.
Araldite embedding and acid phosphatase cytochemistry. Cerebral ganglia were fixed overnight in 0.5% glutaraldehyde in 0.01 M Nacacodylate buffer, pH 7.4, and post-fixed in 1% OsO 4 for 2 hr at 4ЊC. Embedding in araldite, etching, and immunogold labeling were performed as described previously (van Heumen and Roubos, 1991) . Acid phosphatase cytochemistry was performed essentially as described by Barka and Anderson (1962) .
Antibodies. To immunolocalize the Lymnaea ELH, we used a mouse monoclonal antibody raised against a synthetic peptide representing amino acids 21-36 of the ELH peptide. The antibody only recognizes free peptide (van Heumen and Roubos, 1991) . As a marker for the peptides located N-terminally from the first cleavage site Arg-Ser-Arg-Arg 180 -183 (Li et al., 1994) , we used an affinity-purified polyclonal rabbit antibody against the N-terminal ␣-caudodorsal peptide (␣CDCP) (van Heumen and Roubos, 1991) . This antibody also reacts with ␣CDCP in proELH. ␣CDCP has the same subcellular distribution pattern as the N-terminal peptides calfluxin and ␤-peptide (van Heumen et al., 1992) (J. Klumperman, unpublished data). For clarity, therefore, we will refer to this antibody as anti-N-terminal peptide.
Quantitative analysis of immunogold labeling. During our studies, distinct gold sizes were used and the sequence of antibodies was alternated. This had no influence on the overall distribution of ELH and N-terminal peptide. Quantitations, however, were always performed on sections labeled first with anti-ELH and 10 nm gold particles, and then with anti-N-terminal peptide and 15 nm gold particles. For each animal, all sections used for quantitation were prepared simultaneously using the same reagents. The ELH and N-terminal peptide stainings were taken as relative labeling densities by calculating the number of gold particles obtained in double-immunolabeled cryosections. By establishing these relative densities, putative differences in labeling intensity attributable to, e.g., accessibility were prevented. The ratios were divided into 10 classes (values between 0 and 0. 24, 0.25 and 0.34, 0.35 and 0.44, etc.) and converted into frequency plots.
To calculate the ratio of N-and C-terminal proELH-derived peptides in the LDCV of type I neurons, we took electron micrographs of the cell body; at the release sites, we took electron micrographs of the collaterals and the axon endings. The grids were first scanned at low magnification, and the areas to be photographed were selected on basis of a good overall morphology. For quantitation, three snails were used. Five type I cell bodies were analyzed per snail. Three pictures were taken of each cell body. Also, five axon endings were photographed. Because of the low number of LDCV in the collaterals, all collaterals present in a cross section of the commissure were photographed. Finally, five clusters of axonal type II LDCV were photographed per animal.
Probe synthesis. To study the endoprotease composition of type I and type II neurons, specific [␣- 35 S]UTP-labeled cRNA probes (DuPont NEN) were made on 200 ng of linearized cDNA of Lymnaea prohormone convertase 2 (LPC2; nt 1521-2632) (Smit et al., 1992) , Lymnaea furin 1 (Lfur1; nt 1578 -2067), and Lymnaea furin 2 (Lfur2; nt 1341-2392) (Smit et al., 1992 (Smit et al., , 1994 , including the T 3 and T 7 polymerase promotores. Separate in vitro transcription reactions were performed at 37ЊC, using either T 3 or T 7 RNA polymerase (Boehringer Mannheim) containing 1 mM G/A/CTP and 3 M [␣-
35 S]UTP. After 2 hr, the reactions were stopped and the cDNA templates were removed with 10 U of RNase-free DNase (Boehringer Mannheim) at 37ЊC during 10 min. The probes were hydrolyzed for 30 min on ice in 0.2 M NaOH, 0.6 mM EDTA, 0.06% SDS, 100 nM NaCl, and 12 mM DTT in 6 mM Tris-HCl, pH 7.5, and at room temperature they were neutralized with 0.2 M MES buffer [(2CN-morpholino)ethanesulfonic acid; Sigma] and ethanol-precipitated. Both antisense and sense (control) cRNA probes have specific activities between 1 ϫ 10 7 and 1 ϫ 10 8 cpm/g RNA. In situ hybridization and immunocytochemistry. Serial 7 m sections of 1% paraformaldehyde/1% acetic acid-fixed CNS were used for in situ hybridization. After pretreating the slides as described by Smit et al. (1996) , the sections were prehybridized for 1 hr with hybridization mixture (60% deionized formamide, 5ϫ SCC (1ϫ SCC, 150 mM NaCl, 15 mM sodium citrate, pH 7.0), 5ϫ Denhardt's solution (1ϫ Denhardt's; 0.02% bovine serum albumin, 0.02% Ficoll, 0.02% polyvinylpyrolidon), 200 m/ml acid/alkali-cleaved herring sperm DNA, 25 mM Na-phosphate buffer (25 mM Na 2 HPO 4 , 25 mM NaH 2 PO 4 , pH 7.0), and 10% dextrane sulfate. Hybridization was carried out overnight at 50ЊC by applying 35 S-labeled probe at a final activity of 1.5 ϫ 10 6 cpm per slide. Then the slides were rinsed to a stringency of 2ϫ SSC/50% formamide at 50ЊC according to Smit et al. (1996) . For the subsequent immunolabeling, grids were incubated in TBS-gelatin buffer (0.1 M Tris/HCl, 0.05% Tween 20, 0.25% gelatin, pH 7.4). The slides were then immunolabeled for ELH using the procedure described by van Minnen et al. (1988) . Finally, radioactivity was visualized by dipping the slides in melted, diluted (1:3) Ilford K 5 emulsion. After air drying, the sections were exposed for 5-10 d in the dark at 4ЊC. The autoradiographs were developed (2 min) in Kodak D 19 developer, fixed (3 min) in 24% sodium thiosulphate and Ilford rapid fixative (5 min), and rinsed in flowing tap water for 30 min. After dehydration in graded ethanols and clearance in xylene, the coverslips were mounted with Entallan.
RESULTS

The two populations of proELH-producing neurons incorporate distinct amounts of N-terminal peptide into LDCV
In the Lymnaea CNS, two types of proELH-producing neurons are present, which will be indicated further as type I and type II neurons . Type I neurons form LEG (Van Heumen and Roubos, 1991) harboring the majority of proELH-derived peptides located N-terminal of the first cleavage site Arg-Ser-Arg-Arg 180 -183 ( Fig. 1) . Their LDCV are transported to two release sites: (1) the axon endings, from which release into the circulation occurs, and (2) the collaterals, from which release into the intracellular space is mediated (Schmidt and Roubos, 1989) . Type II neurons are small and constitute a minor population of cells that are located laterally in the cerebral ganglia with their axons projecting inward .
To discriminate unequivocally between type I and type II neurons at the ultrastructural level, we studied sections with both types present. An example of the selective concentration of N-terminal peptide in LEG is given in Figure 2 A, in which ELH and N-terminal peptide were simultaneously localized in an ultrathin cryosection of a type I neuron. To get a detailed insight into the sorting of proELH-derived peptides into the LDCV of type I neurons, the ratio ELH/(ELH ϩ N-terminal peptide) in type I LDCV was calculated in the cell body and at the two release sites (Fig. 2 B, C) . It was found that the ratio of the LDCV in the cell , that is used in the Golgi of type I neurons (Li et al., 1994) . In this study, we used antibodies against N-terminal peptide and ELH to study the targeting of peptides that are located N-or C-terminally from this site. body was identical to the ratio of the LDCV in the axon endings as well as to the LDCV present in the collaterals (Student's t test, p Ͼ 0.005; Table 1 ). When the quantitative data of a particular animal were plotted into a frequency diagram, an example of which is shown in Figure 3 , it was apparent that type I neurons contain a single population of LDCV. Interestingly, a similar approach in Aplysia has revealed the existence of two populations of ELH containing LDCV that differ in their relative peptide content and are transported to distinct release sites (Sossin et al., 1990a) . Our data show that in Lymnaea type I neurons no such sorting occurs.
The LDCV in type II neurons (Fig. 4C,D) were smaller in size than in type I neurons (90 and 150 nm, respectively) and appeared to be more heavily labeled for N-terminal peptide than type I LDCV. Similar LDCV were regularly observed at some distance of the cell body, but never at sites from which release to the circulation could occur. We will refer to these 90 nm LDCVs as type II LDCV to discriminate them from the type I LDCV as found in type I neurons. In type II neurons, LEG were absent.
In the Golgi area of type II neurons, the ELH staining was weak (Fig. 4 A, B ) compared to more peripherally and axonally located LDCV (Fig. 4C,D) . A possible explanation for this heterogeneous labeling density is that the anti-ELH antibody does not recognize the unprocessed peptide (van Heumen and Roubos, 1991) . The observed labeling pattern, therefore, most likely reflects different stages of processing of proELH. Having noticed this, we only used axonally located type II LDCV (Fig. 4 D) for subsequent quantitative studies. When the ELH/(ELH ϩ N-terminal peptide) ratios of type I and II LDCV of a particular animal were compared, the ratio of type II LDCV was found to be significantly (Student's t test, p Ͻ 0.005 at all times) lower than the ratio of type I LDCV (Table 1) . The low ratio of type II LDCV was mainly caused by a relatively high labeling of the N-terminal peptide (on average 4.27-fold higher than in the type I LDCV). When all data from a particular animal were transferred into a frequency diagram, an example of which is shown in Figure 5 , it was found that the type I and II LDCV constitute two distinct populations, with only partially overlapping ratios.
Taken together, these data show that the two proELHproducing neuron types in the Lymnaea CNS sort different sets of proELH-derived peptides into their LDCV. The incorporation of low amounts of N-terminal peptide into the LDCV coincides with the presence of LEG.
LEG are formed by a differential condensation/sorting event
The formation of LDCV and LEG within a particular cell must be preceded by a tightly regulated sorting mechanism. To gain insight into this process, we performed a detailed immunoelectron microscopic analysis of the Golgi complex and trans-Golgi network (TGN) of type I neurons. Condensed proteins of homogeneous electron density were observed throughout the Golgi stacks but, in particular, in the distended rims of almost all cisternae (Figs.  6 A, B, 7A ). In the trans-most Golgi cisterna and TGN, condensed protein cores were found with distinct electron densities (Fig.  6 A, B) . The lighter portion had a density identical to LDCV and labeled predominantly for ELH (Fig. 6 A) , whereas the darker portion had a density identical to LEG and was mainly positive for N-terminal peptide (Fig. 6 B) . Membranes harboring the differentially condensed material often formed buds with an electrondense cytosolic coat, morphologically identical to clathrin (Fig.  6 A) . Within the TGN, areas were found in which protein precipitates with similar or distinct content were spatially segregated within a continuous membrane (Fig. 6C, D) , suggesting that LEG, like LDCV, can be formed by budding from the TGN.
To illustrate the degradative nature of LEG, we combined acid phosphatase cytochemistry with the immunogold labeling technique. Figure 7 shows the colocalization of lysosomal acid phosphatase and N-terminal peptide in LEG. In both the Golgi area (Fig. 7A ) and more peripheral (Fig. 7 B, C) , acid phosphatasepositive LEG were observed. Occasionally, the N-terminal peptide reactivity was markedly reduced in the peripheral acid phosphatase-positive LEG (Fig. 7C) . Additional acid phosphatase reactivity was observed, as expected, in the trans-Golgi, TGN, and lysosomes (data not shown). The numbers represent the average ELH/(ELH ϩ N-terminal peptide) ratios Ϯ SEM, as assessed by quantitative analysis of the immunogold labeling in three animals (1-3). n, Number of LDCV. The ratio of type I LDCV is identical in the cell body and at the two release sites (student's t test, p Ͼ 0.005). The ratio of type II LDCV is significantly lower in each animal (student's t test, p Ͻ 0.005). For each animal, the immunogold labeling was performed at the same time and with the same reagents. Differences between the animals may be attributable to variations in labeling efficiency and, therefore, may not be compared. These observations show that proteins destined for either LEG or LDCV are segregated via a differential condensation process in the trans-Golgi and TGN. LEG acquire lysosomal enzymes via an as yet unidentified pathway.
Expression of Lfur1, Lfur2, and LPC2 by type I and type II neurons
A prerequisite for the formation of both LDCV and LEG in type I neurons is the proteolytic cleavage of proELH at site Arg-Ser- 
Arg-Arg
180 -183 and the subsequent segregation of the two intermediates. A possible explanation for the observation that in type II neurons this sorting step does not occur would be that in these neurons no early cleavage step is performed (see model in Fig. 8 ). Endoproteolytic cleavage of tetrabasic sites in the TGN is mediated by the membrane-bound subtilisin-like furins (Bresnahan et al., 1990; Hosaka et al., 1990; Van de Ven et al., 1990; Wise et al., 1990; Korner et al., 1991b; Bosshart et al., 1994; Molloy et al., 1994) . In a previous study, it was established that in the Lymnaea CNS two proteins are expressed with high homology to furin: Lfur1 and Lfur2. In addition, a third endoprotease was identified with 80% sequence homology to soluble vertebrate prohormone convertase 2: LPC2 (Smit et al., 1992 (Smit et al., , 1994 . To gain insight into the putative involvement of these endoproteases in proELH processing, their expression in type I and II neurons was investigated using a radioactive in situ hybridization approach, combined with the immunocytochemical detection of ELH.
The mRNAs encoding the three endoproteases were readily detectable and showed heterogeneous distribution patterns (Fig.  9) . Signal for Lfur1 was obtained in neurons not expressing proELH, but was below detection level in both type I and type II neurons (Fig. 9 A, B) . By contrast, significant levels of LPC2 mRNA were found in both of the ELH-producing neuron types (Fig. 9G,H ) . Most interestingly, we found a high level of Lfur2 expression in type I neurons, whereas no signal could be detected in the type II neurons (Fig. 9C-F ) .
DISCUSSION
In this paper, we show that two types of proELH-producing neurons in the Lymnaea CNS incorporate distinct sets of peptides into their LDCV. This finding provides the first example of a cell type-specific sorting of prohormone-derived peptides into the secretory pathway. In the case of pro-opiomelanocortin, alternate proteolytic processing has been revealed as a mechanism to express distinct, yet related, peptides in different tissues . Another mechanism to post-translationally vary the output of a secretory cell is when distinct neuropeptides are sorted to different LDCV, e.g., Aplysia-ELH (Kreiner et al., 1986; Fischer et al., 1988) and prolactin and growth hormone in somatomammotrophs (Fumagalli and Zanini, 1985; Hashimoto et al., 1987) . With our observation that type II neurons package all proELH-derived peptides into LDCV, whereas type I neurons degrade a subset of these peptides in LEG, we describe an additional regulatory mechanism. A key event in this process is the formation of LEG. Circumstantial evidence has suggested that LEG are degradative structures (see introductory remarks). Earlier attempts to localize lysosomal enzymes in LEG, however, were conflicting (Kreiner et al., 1989; Sossin et al., 1990b) or lacked immunocytochemical identification of the granules (Roubos, 1976) . In a combined immunocytochemical and enzyme cytochemical approach, we have now shown that LEG contain lysosomal acid phosphatase and that the amount of N-terminal peptide present in acid phosphatase-positive LEG is low. This finding establishes LEG as degradative compartments.
It remains to be shown how LEG are degraded. In the Aplysia bag cells, combined enzyme cytochemistry and autoradiography showed that acid phosphatase is removed from LEG that are still part of the TGN (Sossin et al., 1990) . Concomitantly, the number of LEG that was found positive for acid phosphatase was only low (Sossin et al., 1990 ) (this paper), suggesting that the acquisition of degradative enzymes occurs after maturation of the granule. It remains possible, however, that acid phosphatase activity is more difficult to detect in tightly packed mature granules. Possibly, the onset of degradation of LEG depends on the electrical stage of the cells; preliminary data in our laboratory have suggested that the number of LEG varies during an activation cycle of type I neurons. It has been long established that when secretory cells produce more proteins than they secrete, LDCV are degraded by fusion with a lysosome (crinophagy) (Farquhar et al., 1969; Marzella and Glaumann, 1987) . Alternatively, organelles may be degraded by autophagy (Dunn, 1987) . Both pathways could account for the degradation of LEG, whereby the identification and recognition of LEG as degradable compartments are prerequisite.
We have also shown that the formation of LEG and LDCV is preceded by a differential condensation of the N-and C-terminal intermediates in the trans-Golgi/TGN. Within the TGN, condensed cores containing either N-or C-terminal proteins are spatially separated, suggesting that LEG, like LDCV, can arise from the TGN. In addition, protein cores of distinct content may well be incorporated together into immature LDCV. Analogous to other systems in which immature LDCV have been proposed to be involved in protein sorting Gautier et al., 1994; Kuliawat and Arvan, 1994; Arvan, 1994, 1995) , LEG could also arise from immature LDCV.
Condensation of proteins is regarded as a selective sorting mechanism that excludes other proteins not destined for the regulatory secretory route (for review, see Tooze et al., 1993) . The formation of LEG in type I neurons, however, suggests that condensation of N-terminal peptides by itself does not lead to incorporation into LDCV. Protein condensation as a mechanism to prevent proteins from entering the secretory pathway has only been described in myeloma cells overexpressing mutant immunoglobulin and in stimulated exocrine pancreatic cells (formation of Russell bodies and intracisternal granules, respectively) (Tooze et al., 1989; Valetti et al., 1991) . Under these conditions, condensation has already occurred in the RER, and in the case of the intracisternal granules, the condensed proteins were eventually degraded via autophagy (Tooze et al., 1989) . Soluble proteins without a specific sorting signal exit the TGN in small vesicles that constitutively fuse with the plasma membrane. The type I neurons may use the condensation of the N-terminal intermediates and their subsequent degradation in LEG as a mechanism to prevent secretion of potentially active peptides by the constitutive secretory pathway.
LEG as defined in this paper have only been described in detail, as far as we know, in the ELH-producing cells of Lymnaea and Aplysia, but may well have a wider distribution. For example, the gonadotropin hormone (GTH)-secreting cells of the African catfish Claria gariepinus contain granules with a LEG-like morphology and a condensed protein content. Recent immunoelectron microscopy revealed that these bodies specifically contain the ␤-subunit of GTH, whereas the LDCV contain both ␣-and ␤-GTH (Sharp-Baker et al., 1995) . Moreover, it was shown that the ␤-GTH-rich granules are post-Golgi compartments, which obtain lysosomal enzymes and degrade their content.
Both Lymnaea and Aplysia proELH are multipeptide precursors Vreugdenhil et al., 1988) and share an overall sequence identity of up to 70% (Nagle et al., 1989) . Surprisingly, there seem to be at least two post-translational strategies to modulate the output from proELH. In Aplysia, a single neuron type generates two populations of LDCV (Sossin et al., 1990a) , whereas in Lymnaea two neuron types each make a single set of LDCV. Moreover, in Aplysia it was suggested that formation of type II-like LDCV requires cleavage of proELH in the Golgi/TGN and subsequent sorting of the two intermediates by temporal condensation or binding to a putative sorting receptor (Kreiner et al., 1988; Sossin et al., 1990) , whereas our data suggest that type II LDCV are formed when proELH is not cleaved in the Golgi/TGN (Fig. 8) . Interestingly, the outcome of both strategies is essentially the same, because both species re- D) , and LPC2 (G, H ) mRNA, as assessed by radioactive cRNA in situ hybridization (black silver grains). Type I (large arrowheads) and type II (small arrowheads) neurons were identified by ELH immunocytochemistry (brown reaction product). A, B, Lfur1 mRNA was only detected in non-ELH-producing neurons (small arrow). C-F, LFur2 mRNA was readily detectable in type I neurons (C). In type II neurons, of which high-magnification views are shown in D-F, labeling did not exceed background levels. G, H, LPC2 mRNA could be detected in both type I and type II neurons. Non-ELH-producing neurons that express LPC2 are indicated by small arrows. Scale bars, 25 m.
lease only the LDCV with a low amount of N-terminal peptides into the circulatory system.
The formation of both LDCV and LEG in Lymnaea type I neurons must be preceded by an endoproteolytic cleavage of the prohormone. Membrane-bound, furin-like endoproteases, which are predominantly localized in the TGN (Bosshart et al., 1994; Molloy et al., 1994) , cleave proproteins at the consensus tetrabasic site Arg-X-Lys/Arg/X-Arg (Bresnahan et al., 1990; Hosaka et al., 1990; Van de Ven et al., 1990; Wise et al., 1990; Korner et al., 1991b) . By contrast, soluble PC cleave precursor proteins after pairs of basic residues (mostly Arg-Arg and Lys-Arg) (Seidah et al., 1990 Smeekens and Steiner, 1990; Benjannet et al., 1991; Korner et al., 1991a; Nakayama et al., 1991; Smeekens et al., 1991) . The cleavage site used first in Lymnaea proELH, Arg-SerArg-Arg 180 -183 (Li et al., 1994) , fulfills all the requirements for the consensus sequence R-X-R/L-R for furin (Hosaka et al., 1991; Watanabe et al., 1992 ). An extensive search in the Lymnaea CNS revealed the presence of three subtilisin-like endoprotease isoforms: two furin-like proteins and a PC-like protein (Smit et al., 1992 (Smit et al., , 1994 ) (our unpublished observations). Because we have now found that Lfur2 is the only endoprotease that is exclusively expressed in type I neurons, we consider this protein a likely candidate to mediate the initial cleavage of proELH in these cells. However, in vitro processing studies are required to formally prove this hypothesis.
Based on its homology with vertebrate PC2, we predict that LPC2 will be incorporated into LDCV, where it will be responsible, at least partially, for the further processing of proELH (Davidson et al., 1988; Christie et al., 1991; Kirchmair et al., 1992) . The lack of furin-like proteins in type II neurons, whereas LPC2 is present, suggests that in these cells processing will start after incorporation of proELH into LDCV. This would favor a model in which the N-terminal peptides are sorted to LDCV, because they are still attached to the C-terminal part of the prohormone, which contains all information for correct sorting (Fig. 8) . This scenario would be in agreement with heterologous expression studies on Aplysia proELH. When Aplysia ELH is expressed in AtT20 cells, only the C-terminal part is targeted to the regulated secretory pathway (Jung et al., 1993) . However, if the site ArgArg-Lys-Arg is deleted, which represents the initial cleavage site of Aplysia ELH that in vivo is used by a furin-like protease (Chun et al., 1994) , the entire noncleaved prohormone ends up in LDCV.
In conclusion, our data have shown that the two proELHproducing neurons of Lymnaea sort different sets of prohormonederived peptides to LDCV. In cells that use only part of the newly synthesized peptides, a possible secretion of the nonsorted, but bioactive, peptides via the constitutive pathway is prevented by their segregation into degradative LEG, via a differential condensation/retention mechanism. Essential for this selective degradation is an early cleavage and sorting of the resulting N-and C-terminal intermediates. Our data suggest that a cell typespecific expression of a furin-like endoprotease is responsible for this cleavage.
